The quantum conductance properties of pyrene molecule and its silicone-doped variant between semi-infinite aluminum nano-chains have been investigated by using the density functional theory (DFT) combined with the non-equilibrium and projected DOS (PDOS) have also been presented and transmission variations has been discussed in terms of the DOS and PDOS variations.Quantum conductance at zero bias versus gate potential has been also presented and discussed.
Introduction
In recent years, charge and electron transport via molecules put among electrodes has been attracted increasing attention for basic reasons and for because it may forms fundamental nano and molecular electronics devices [1, 2, 3, 4, 5] .
The capability to calculate the electronic structure of including molecules by 5 using quantum mechanics and also the transport properties of these devices is momentous and useful in condensed matter physics, electronics and other related fields of sciences and applications. Among the powerful and efficient methods for the investigation of the electronic transport properties is the combination of density functional theory (DFT) and the Non equilibrium Green's func- [7, 8, 9, 10, 11, 12, 13] . Recently, some researchers have focused on 15 small aromatic polycyclic hydrocarbons as highly conductive molecular devices [14] .
In this research work, the transport properties including current-bias values and transmission spectrum of the pyrene molecule and its silicon substituted derivative lied between aluminum semi-infinite atomic chains have been computed. show that the NDR characteristics including the number of peaks, the bias range of NDR region and maximum current amplitude would be varied by changing 30 the gate potential. The gate controllable nature of a device is a useful property in its applicability. The results suggest that the studied systems would be used as nano-switch and multi-nanoswitch in the consider bias voltages and gate potentials. 35 
Theory and Calculation Method
In order to computational investigation of the quantum and electronic transport properties of the systems including molecular junctions and scattering regions one have to solve the non-equilibrium Green's functions (NEGF) equations using the wave functions obtained by the density functional theory (DFT) 40 [16, 17] . It briefly is explained in the following paragraphs.
In the DFT based solving of the NEGF equations, the system under consideration is divided into three part composed from two semi-infinite left and right electrodes,and a scattering region, denoted by L, R and S parts, respectively.
The S-part has been composed from the considered molecule as central region 45 and the atomic layers of the left and right electrodes. The Hamiltonian matrix H and the overlap matrix S overlap for this device are given by:
where matrix elements of the Hamiltonian, H S , is of size N × N , in which N is the number of basis functions in the scattering region calculated under within the desired boundary conditions imposed by the electrodes. In this framework,
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it is also assumed that there is no interactions between the L and the R parts.
Retarded Green' function, G r , for the S-part and the retarded self-energy for the L and R parts are defined as G r (E) = lim η→0 + (ε + iη − H) −1 using the following equations:
where is computed by the help of the equation (2-4).
where G a (E) is the advanced Green's function and Σ < (E) is lesser self energy.
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It is also defined that
where Σ r is the retarded self energy. In the equilibrium case in which bias voltage is zero, the density matrix is calculated by [17] 
where µ is the chemical potential. The charge density is calculated in the scattering region in the presence of left and right electrodes as the followings
where φ i (r) is the numerical pseudo-atomic orbital. The Hamiltonian H S is formed from the kinetic energy term and potential term composed from the nonlocal part of the pseudo potential and other potential terms given by the following equation
where V xc (r) and V loc (r) are the exchange-correlation potential and the local 70 part of the atomic pseudopotential respectively and V H (r) is Hartree potential obtained by solving the Poisson equation
This procedure is iterated until self consistency is achieved. Then, the transmission is given by
and
where Σ a L(R) are the advanced self-energy for the left and right region. The current through the atomic scale system can be calculated from the corresponding Green's function and self-energies via the Landauer formula, [19, 20] 
where µ L and µ R are the electrochemical potentials of the left and right elec-
ing electron distribution of the two electrodes, and T (E, V b ) is the transmission coefficient at energy E under bias voltage V .
The transmission coefficient T (E) can be decomposed into the contribution of n eigenchannels,
For the system in equilibrium state, conductance can be obtained by the trans-
where
h is the conductance quantum (7.748091733 × 10 −5 S) [21, 22] .
In this paper all of the calculations have been performed within fully selfconsistent non-equilibrium Green's functions (NEGF) and density functional theory(DFT) [23, 24] using Open Source package for Material eXplorer (OPENMX-90 3.6) software package [17, 25] . The Perdew-Burke-Ernzerhof parametrization of the generalized gradient approximation(GGA-PBE) to exchange-correlation functional are used [26, 27] . The electronic temperature is to 300 kelvin and the spin polarized calculation is performed. In this research the cutoff energy is set to 120 (Ryd) and the Fermi level E f is set to zero. The cutoff radius r c of the 95 pseudo-atomic orbitals used in the calculations is presented as the Table 1 . Furthermore, the results also show that the considered devices would be used for switching aims in design the Nano-electronics circuits.
Figures 5-a and 5-b contain the transmission spectrum and projected DOS (PDOS) for the system A and B respectively. This quantity is defined as [31] 155 
Figures 6 show that increasing bias voltage, decreasing the Fano resonance and unresonance energies. These figures also show that the value of energy shift for fano resonance and unresonance is considerable for energies around Fermi level. have been presented and discussed.
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